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WIRD«PUNNET, INVESTIGATICN OF CONVLCL-SURFACK CHARACTTRISTICS
Y - THE USZ OF A BEVELED TRAILING EDGE TO REDUCE
THE HIYGE MOMENT CF 4 CONTROL SURFACE

Ey Robert T, Jjones and Milton B, Ames, Jr.
SUMMARY

Wind-suvnnel tests kave been made to investigate the
possibilisy of reducing the hinge moments of a control
surface by teveling the trailing edge. The tests were made
with a @wpercent~thick airfoil having a 30-percent~chord
plain flap. A faired bevalsd shape, & percent of the air-
foil chord in width and having a thickness of 2% percent

of the airioil chord, was found to give approximately 50—

percent reduction ian the hinge moment caused by a given
deflection of the flan and 80~percent reduction in the
hinge moment dus t0 the angle & attack of this airfoll

for a wide zengs of angles., A Dlunter beveled portisn of
the same thickness gave overbalaance and reversal of the
floating tendeuncy over a small-angular range. ®Blliptical
trailing-edlge shages were also tried bdbut were found to Te
somswhat less effective than the shapes eanding in an acute
angle., A semlcirculer trailing edge produced only a slight
change in the hinge moments but caused a drag increment much
greater tnan that of an efficisnt beveled shape,

INTRODUCTIOW

of sirfoils with
all consideratrly
gl~flow theory. I%
s obbtained in

than do other air-

The hinge mcmeants obtained in tects
plain flaps have oftcn been observed to
below the values predicted by the poitent
has also bcen noted that the hinge momen
different tests show wider discrepaacies
fo0il characteristics.
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Seversl years ago the NACA had occasion to test a flap
with a particularly thin, sharp trailiing edge. In this case
the hinge moments were higher than usual and agreed better
with the theory. Thus, it appeared that the discrepancies
in the hinge moments obtalned in the usual tests might have

been duc¢ to minor differsnces in the shapes of the trailing
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edge, Tkis phenomenon led to spsculation conceraing the
nature of %tie flow near the trallling edge aAand the 2ff:zct

43
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of small departurss from the Kuatta conditio

al flow, tae XKutta coandition reguires that
the trailing edge maintain the direction of
the mean coawm for a short dis +ance dcwnstreama The
velocities on upper and lowesr surizcees approach the
same value with the result that the pre~gure difference or
Lift vanishes at the trailing edse. Phe curve narked "all
in flgure 1 ghows ths 1ift Cistribution over an airfoll
gsecsion with the flow conforming perfectly %o this condédition.
a sLng*lv bluat or beveled tralilling
c
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the air lsavin
be
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The gulding action of
edge will not be perf
ati

gct, however, Bnd in such & Cc&ge & re-—
latively great negative LIZ% will te developed acrcss the
edgs, ae shown hy ¢urve "hi¥ in figrre L. A dsliverate

th1=kcn14ﬁ cf the alrfoil, assigned to permit furthar
deviation from the Xaitta coxndition, might therefore lezd to
the type of presssure distribution represented by curve Wbh
in figure 1. I% wes thought that ths effact might be used
to vrovide zerodynsmic baldance for a control suriacv and

in order to test this theory a series of wind-tunnel exper-
imencs was plann.d. These tests havs recently been made
and forr the subject of the przsent papes.

TESTS

Anparatias and Models

In figure 2 are shown the shepes tested. These shapes
sre or two types -~ beveled and elliptical. In the case of
the beveled flap, the point st which Lhe beveling of the
flap began was raired in%o an arc in order to allow snmocth
flow. The noriticon of the #lap extendrrg from the center

of whis ave to the .fj.}.l:.n,-D edge will te referred %o here-
inafcer as the "bevbl Tucause ths action of the vlunt

trailing edge is in sewe ways gimilgr to that ¢f &a aubo-
matic balancing tsb (se2 fig. 3), the bevelsd shapes were
desizned to aprioximate the outline »7 such tabs in the
balancing position. The 20~percent bavel corrazsponds toc a
20-percent cr tab deflected 100, The ellipiical shagpes

ave of somevhat simiiar proportions. A flap having a bulged
portion near the hinge was also tried. With the exzception
of the bulged f£leap, all shapes tested were cbtainesd by in-
terchenging trailing-edge blecks having these shapes on a
standsrd 2-foot-chord by 4-foot~span model of laminated
mahogany.
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Table I gives the ordinates of the standard section
(derived from the NAGCA 0009 airfoil by drawing straight
lines from the LB~percent station back %o the removabdle
tall block). The dimensions of the removable tail pcortions
are shown in figure 2 and the ordinates of the bulged flap
are given in tavle II. As shown in figure 2, the flap weas
of the plain unhalanced type, %0 percent of the airfoil chord
in width. The tests wers made with the gap both sealed and
open.

The procedure of the tests was similar to that followed
in reference 1. They were made in the NACA 4-foot by 6~foot
vertical tunnel., modified as described in reference 2. The
1if%, the drag, and the pitching moments were measured on
a three-conponernt btalance. The hings moments were measured
electrically with a celibrated torgue red built into the
modsl. The modsl externled completely across the closed
test secilon of the tunnel, so that the flow was very nearly
two-dimensional. The tects were made at a dynamic pressure
of 15 peunds mer sqguare fooi, corresponding to a velocity
of about 76 miles per hour and a test Reynolds number of
1,430,000, The flzp defiection was varied in 50 increments
from 00 to 20°%, Jfn some cases ciaeck points at =x2° from
neutral were obtalnsd, LIft, drag, airfoil pitching moment,

and flap hirnge moweuts were mseasured throughout the angle-

of~attack range, from poesitive to negative stall of the
airfoil, at 2° intervals of angle of attack.

Preclsion ,

The maximum errocr in the angls of attack or in flap
setting avpears to be about *0.2°, An experimentally
determined correction has been apnplied to the 1ift dbut not
to the hinge momernts. The hinge moments are probably
slightly higher than would be obtalned in free air. It
shou1ld be ncted thalst the drag of the basie 0008 airfoil

is somewhat higher than is obtained in other tests at the
same Reynolds number.

RESULTS AXND DISCUSSION
Symbols
e, airfoil section 1ift coefficient (1/qe)
ca airfoil section profile-drag coefficient (do/qc)

Cm airfoil section pitching-moment coefficient (m/qc?®)



cp  flap section hinge-moment coefficlent (h/qcfz)
e angle of attack of infinite aspect ratio

8 flap angle with respect to airfcil

[ airfoil section 1ift

dy airfoil section profile drag

m airfoil section pltching moment about gquarter-chord
point of airfoil

h flap secticn hinge momen

c chord of alrfoll with fleps neutral
Cp fiap chord

o, cherd of beveled portion of flap

fastion data are plotited in figure 4, Figures 5 and
6, crogs~plotie=d fromw the secticn data. skow typical varias—
tions of 1ift and hinge moment and 1llvestrate the umgnituds
of the offect obtalnzble with a moderate and with an extremely
blunt wevel. It will be noted thaet ths reduction in hinge
nomeit cutwelghs the loms in 1ift and also that the reduction
in Jdep/dx, is greater then the reduction in dcy /0Be.
The 1ift of the alrfoll with the control free is therefore
actually greater for the blunt tralling edge than for the
plein flap. The regults for the plain flep are taken from
reference 1, part I.

fhe resulbtes glven for the flap with beveled trailing
edge are for the gap-gealed conditicn. The deta obtained from
the tests with the gap opon are rrasented in reference 2.

Teble IIT swamgrizes geveral inportant characterlstics
of the shapes tested. The valuses given in the table apply
to a fairly wide angular range. An idea of the deviatione
from linearity may be obtained by inspecticn of figure k.

The recults show an interesgting difference in the
behavior of the elliptical and the beveled trailing edges.
The bluntest elliptlcal shape, which was simply a circular



rounding, ircreased the floating tendency and the drag but
Led nu appreclable effect on gop/38s or Beq/duge In

this nas" the cuarvatnre of the surfacc 1s so great that

the £.ow apparently .eaves the alrfoil as if the end had
becn cut off square. The iucrement of drag coefficlent in
this ¢cese is approximately 0.0028. Yhe modcrately beveled
or tapered shapec, the 0.20 efr and 0.156 cp¢ Dbevels, on

the Gilher hand, showed less than 0,0004 increase in drag
coefficient, 1nuieating fai:ly complete closure of the flow
bekipnd tho Lirfuil. This small drag increase, togother
with the regularity of the hinge~moment variation, indicates
that the balsngcing action of the modsrate shapes does not
depend sn a proncuunesd seraration of flow but on more cr
less progressgive changes in the boundery-leyer thickness
on the two sides of *he bevel., 4&s the angie of the bevel
becomes stceper, the c¢losure of the flow becomes less com-
plete anrnd tkhe balancing acition hecomss more pronounced,
though sonewha’% irre ;1lar,“r& may involve ccmplete separa=
tion on oune side or *the other. The critical angle in the
present tests waz thali of the 0,13 ocgr bpevel,

As will be noted in %table III, the airfoll pitching
moments folleow itke variation taat might be expected from the
hinge moments. . In the most extrers case (0.10 c¢,p bevel),
the cerodynamic center was shifted 0.0Blc akhead of the
cuariter—chord point.

Prom & rractizal standpoint the most intercsting re-
sults are those obta*nea with the moderately WBeveled and
elliptical shapes (0.15 cgy to 0.20 cg bsvels). Thus
the 0.20 c+¢ beyel shows nearly bC-percent reduction in

den/36f and more than 50-percent reduction in  Jch/dwme,
as compared with the plaln flap., The drag increments
are nct so great 23 those obtained in c¢omparable tests
(reference 1) of the convantional inset-hinge balance with
the mediur or vapered nose Lut are greater than those ob-
tained wiith the blunt nose balance. Inasmuch as th»z
beveled trailing edzs is effeciive in reduncing the float-
ing moment, the 1ifi{ of the airfoil ls grcater with the
control free than with the plain or the inset~hinge flap.

It 1s freguently found that full balance caunot be
obtained in & satis? actorj manner by the use of a single

- device; for ezample, a large degree of balance with the

inset-hinge type of control surface requires such a long
overhang thet the parrissible dofilecticn of the Lflap is
lipmited. Tne usc of a large horn balence introduces
structural difficulivies, It is helpful, therefore, to
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TARLE T
CEDINATES OF MODIFIED FACA O009 ALRFOIL

"Stations evd ordinates ia percent alrfell chord]

&tations (rdinates
~
[ 0 0
{ 1.235 £l.4%
NaLCA | 2.5 +£1.96
0Cey f 5.0 £2.€7
airfolil J/ 7.5 £3.1E
zection \ 10 =3.51
i 15 =4.01
i 20 =4.20
| 25 +4.46
] L) +4,50
[ 40 x4 .38
. 50 +3.97
{" €0 £3,42
Straight . 70 £2.83
portion 80 *2.25
ad =1 .E7?
100 +£1.08




TABLE I

CRDINATES OF BULGED FLAP

[Stetions and ordinates in percent airfoil chord]
2,262
]
i
I.’-———-—-—-—~—
<7
AN //
/ ~ . - - e
\\\ P
. e
\-—___——-///
Stations Ordinates
(from hinge axis)
0 +£2,99
1,94 £3.38
4,82 £3,62
7.85 3,43
10.80 +3.03
15.2b6 +2.37
19.70 £1.69
25.15 £1.02
30,00 +0.10




TABLE ITT

.~ SUMM/RY OF CHARACTERISTICS OF TRAILING-EDGE SE-FES TESTED

T
o
I!/ o ch\) i(&c \ ‘ 012 ("acz\ f’aac\ ‘/'acm\.‘ ‘,fac- cq.
VN . '"'"J— 35 . N J; i s Omin
o \ 0%/ |\O¢, !5 p Bmo/ ¢ 1\ 9% Jon=0 | \322 /o, \ 3%, /5. | \ 3¢, /Cz el
Mudifications (Control} (Control recied)
fixed) free) '
T
2 Flain - -0.012 | -0 .006 0.098 0,066 0.57 0.00L -0 010 | 0.0096
radn
T —
0.20c, bevel ; -.007 | -.003 092 070 .56 033 -.009 | .0100
T — 1 -
0,15c; bevo 1\> -.005 | -.001 091 .080 56 .038 -.008 | .0100
"
(o tmon s e 06 48 8
l 13cs bev ey -.003 001 090 00 54 G -.0C81 .0105
U -
& O l OC .F .b eve l -OOO -002 -088 sta‘:xle_e -50 -051 - oOCT 501—1.0
C. >ocf ell 1p1-, i cal\‘\ -.006 | -.003 091 068 .50 036 -.008| .0105
__'______.._._-——-——-———‘H
_— —
0..0cg elliptical) -011 | ~.008 099 060 5h .C11 - 008} .0118
E - ertipbical
r\ Semicirneular } -.012 | -.009 101 059 56 002 - 010 0124
-—c——'__'__—'—__—____‘__/
’--‘_--_-__—---"‘-—-.
tﬁ? = -OlO - 0005 -095 -071 o50 -016 - -010 10102
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\ O.15¢; beveled “#450}(7
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39

1

' R=4.00

. ==

0.10¢c; beveled -3.00
- 30.00

Flops with beveled trailing edges

Figure 2.~ Trailing-edge modifications. Dimensions are in percent of airfoil chord.

VOVN

g ‘914




VOV

Figure 3.~ Flow around beveled trailing edge showing similarity %to the effcct of a balancing tab.
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